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The LHCb detector and data sample used for the analysis are presented in Sect. [2](#Sec2){ref-type="sec"}. Section [3](#Sec3){ref-type="sec"} explains the selection details and the signal extraction technique. Inclusive production of charmonium states in $\documentclass[12pt]{minimal}
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LHCb detector and data sample {#Sec2}
=============================
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                \begin{document}$${\,\mathrm{GeV}}$$\end{document}$. Different types of charged hadrons are distinguished using information from two ring-imaging Cherenkov detectors. Photons, electrons and hadrons are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers. The online event selection is performed by a trigger, which consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, which applies a full event reconstruction.
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Precise mass measurements require a momentum-scale calibration. The procedure \[[@CR33]\] uses $\documentclass[12pt]{minimal}
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In the simulation, *pp* collisions are generated using [Pythia]{.smallcaps}  \[[@CR34], [@CR35]\] with a specific LHCb configuration \[[@CR36]\]. Decays of hadronic particles are described by [EvtGen]{.smallcaps}  \[[@CR37]\], in which final-state radiation is generated using [Photos]{.smallcaps}  \[[@CR38]\]. The interaction of the generated particles with the detector material and its response are implemented using the [Geant4]{.smallcaps} toolkit \[[@CR39], [@CR40]\] as described in Ref. \[[@CR41]\]. Simulated samples of $\documentclass[12pt]{minimal}
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Selection criteria and signal extraction {#Sec3}
========================================

The signal selection is largely performed at the trigger level. The offline analysis selects combinations of two or three $\documentclass[12pt]{minimal}
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Two-dimensional (2D) or three-dimensional (3D) extended unbinned maximum likelihood fits, corresponding to the two or three randomly ordered $\documentclass[12pt]{minimal}
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The total systematic uncertainty is obtained as the quadratic sum of the individual systematic contributions. The systematic uncertainties are shown in Table [3](#Tab3){ref-type="table"}. The description of the background and the potential contributions from other resonances dominate the total systematic uncertainties. In the yield ratios the systematic uncertainty is smaller than or comparable to the statistical uncertainty.Table 3Systematic uncertainties of the charmonium event yield ratios within families and with respect to the $\documentclass[12pt]{minimal}
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Complementary cross-checks are performed by comparing the distributions of kinematic variables in simulation and data. The stability of the results is checked by using an alternative binning of the $\documentclass[12pt]{minimal}
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The inclusion of charge-conjugate states is implied throughout.

Natural units are used throughout the paper.
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